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I. INTRODUCTION
Photodissociation spectroscopy of a weakly bound metal ion-molecule complex provides a useful tool for probing intermolecular interactions, giving quantitative information about the structure and bonding of the complex and insight into the molecular dynamics for both reactive and nonreactive energy disposal pathways. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] In recent years our group has used photodissociation spectroscopy to study a range of metal ion-hydrocarbon clusters, with particular interest in probing C-H and C-C bond activation processes. [1] [2] [3] [4] [5] [6] More recently we have investigated the spectroscopy and chemical dynamics of a series of metal ion-aldehyde complexes that support a metal ion-carbonyl bond, including Mg + -and Zn + -based clusters with formaldehyde and acetaldehyde. [4] [5] [6] Here we extend these spectroscopic techniques to the study of Mg + -acetic acid clusters. Acetic acid is a primary "volatile organic compound" ͑VOC͒ that plays an important role in atmospheric chemistry, especially affecting the HO x budget of the troposphere. 12 The main sources of atmospheric acetic acid are emission from biomass burning and through the reactions of peroxy acetyl radicals with CH 3 O 2 and HO 2 .
12,13 Acetic acid has also been detected in both comets and in star forming regions of space. The formation of acetic acid in space may occur through gas-phase chemistry or heterogeneous processes on grain surfaces.
14 Acetic acid can also be destroyed by photolysis in the UV, vacuum ultraviolet ͑vuv͒, and soft x-ray regions, and the products of high-energy photodissociation include reactive ions and radicals that can then participate in interstellar chemistry to form more complex organics.
14 Acetic acid can serve as a source for COOH radicals that are an important intermediate on the path to simple amino acids such as glycine.
The unimolecular dissociation of acetic acid is complicated and has been the subject of extensive investigation for many years. The thermal decomposition of acetic acid has been studied in flow systems, 15, 16 shock tube experiments, 17, 18 and through IR mutiphoton dissociation. 19 Thermal decomposition in the gas phase occurs through two competing processes, dehydration and decarboxylation:
CH 3 COOH + ⌬ → CH 4 + CO 2 ͑1͒
→CH 2 CO + H 2 O. ͑2͒
Rice-Ramsperger-Kassel-Marcus ͑RRKM͒ studies show that the dehydration channel ͑2͒ is favored by ϳ2 : 1 over the lower energy decarboxylation process ͑1͒ at an internal energy of ϳ95 kcal/ mol. 16 Theoretical and experimental studies suggest that the dehydration reaction ͑2͒ involves two competitive processes, a direct single step reaction by H-atom transfer from the methyl to the hydroxyl group and an indirect two-step process that involves a 1,3 H migration to a 1,1 ethenediol intermediate, followed by a four-center elimination of water: 16, 20, 21 
Theoretical activation barriers for all three of these processes ͑decarboxylation and the direct and indirect dehydration reactions͒ are similar, lying in the range of 71.8-76.4 kcal/ mol. 20, 21 These results are somewhat higher, but in reasonable agreement with the experimental values that lie in the range of 65-70 kcal/ mol. 16 The UV and vuv photodissociations of acetic acid have also received a great deal of attention. 14, [22] [23] [24] [25] [26] Photolysis in the near UV occurs through a spin allowed * ← n transition centered in the carbonyl group. 26 Photodissociation at 218 nm ͑5.69 eV͒ preferentially breaks the C-O bond yielding the OH radical, CH 3 COOH + h͑218 nm͒ → CH 3 CO + OH.
͑4͒
At somewhat higher energies ͑h = 6.2 eV͒ secondary decomposition of the acetyl radical CH 3 CO to CH 3 + CO may also occur. 23 The direct single step scission of the weaker C-C bond is a minor process at these energies. Even this result, however, is deceptively complicated. Theoretical studies suggest that the photodissociation involves two competing processes, direct dissociation through ͑4͒ over a barrier of ϳ15 kcal/ mol on the excited singlet surface ͑S 1 ͒ and an indirect two-step process that involves intersystem crossing through spin-orbit coupling to the excited triplet surface ͑T 1 ͒, followed by dissociation on T 1 by C-O or C-C bond breaking:
Apparently the surface-crossing region for internal conversion to the ground state lies too high in energy to be accessible in the near UV. 26 This is consistent with the fact that energetically favored dehydration and decarboxylation reaction products ͑CH 2 CO+H 2 O or CH 4 +CO 2 ͒ have not been observed following near UV photodissociation of isolated acetic acid. In the vuv, above the first ionization energy of acetic acid ͑10.58 eV͒ a range of fragmentation and dissociative ionization channels opens, with the products CH 3 CO + , COOH + , and CH 3 + especially prominent. 25 UV photodissociation of acetic acid in Ar matrices at 193 nm shows that more complex chemistry can occur as a result of cage effects and secondary reactions. In the matrix environment the dehydration and decarboxylation reaction photoproducts are detected, as well as CH 3 OH+CO and other products. 27 The goal of this work is to investigate the near UV photodissociation spectroscopy of Mg͑CH 3 COOH͒ + . In this weakly bound complex Mg + serves as a chromophore with strong metal-centered excitation bands in the near UV that can efficiently couple energy into the complex. In addition to the Mg + -centered excitations, low energy charge transfer bands may be accessible that can open additional dissociation pathways involving the acetic acid ion. 28 Mg + may also serve as both a catalyst and a reagent, which can open new reactive dissociation channels for acetic acid at relatively low energies. One interesting question is whether there are low energy pathways to the formyl radical COOH that may provide novel routes to glycine formation in molecular clouds or comets at relatively low photon energies.
II. EXPERIMENTAL ARRANGEMENT
The experimental apparatus and its application to massselected cluster photodissociation spectroscopy measurements have been previously described.
1 Mg͑CH 3 COOH͒ + complexes are produced in the supersonic molecular beam expansion from a laser vaporization source. A small reservoir containing acetic acid was placed near the pulsed gas valve ͑PGV͒ inlet port and connected by a tee to the carrier gas flow line. The reservoir is heated to increase the acetic acid vapor pressure. An Ar gas flow carries acetic acid vapor into the PGV at a pressure of ϳ50 psi. The second harmonic of a pulsed Nd:YAG ͑yttrium aluminum garnet͒ laser is focused onto the surface of a Mg metal rod placed at the nozzle of the PGV to generate a laser plasma. Ion-molecule clusters form in the supersonic expansion from the pulsed gas valve. The vaporization laser timing is adjusted to overlap the seeded gas expansion from the PGV in order to achieve a strong stable Mg͑CH 3 COOH͒ + parent cluster ion signal. The gas pulse passes downstream through a molecular beam skimmer and into a differentially pumped extraction chamber where ion clusters are pulse extracted and accelerated into the flight tube of an angular reflectron time-of-flight mass spectrometer.
The source mass spectrum, shown in Fig. 1 , contains a series of peaks characteristic of the clusters ͓Mg͑CH 3 COOH͒ n ͑H 2 O͒ m ͔ + ͑n ഛ 6 and m = 0 or 1͒. Care was taken in using relatively low vaporization laser power in order to alleviate fragmentation or reaction in the laser plasma, and the mass spectrum shows no evidence for significant fragmentation of acetic acid from the source. A pulsed mass gate is then used to select the Mg͑CH 3 COOH͒ + parent cluster with mass of 84 amu.
The photodissociation laser beam is generated from the output of an injection-seeded Nd:YAG laser pumped tunable optical parametric oscillator ͑OPO͒ ͑Spectra-Physics PRO-250/MOPO SL͒ coupled with a Quanta Ray wavelength extension ͑WEX͒ system for frequency doubling and mixing. The OPO covers the visible 424-690 nm spectral region with a bandwidth of ϳ0.15 cm −1 . The near UV region from 212 to 345 nm is reached by frequency doubling the OPO output in the WEX. The region from 340 to 419 nm is accessed by mixing the OPO visible output with the Nd:YAG laser fundamental at 1064 nm in the WEX.
In initial experiments, the laser was focused and time delayed to excite the mass-selected parent ion at the turning point inside the reflectron. This arrangement was used to obtain the photodissociation action spectra shown in the next section. However, because our mass gate has limited mass resolution, parent clusters with masses near Mg͑CH 3 COOH͒ + ͑primarily the 25 Mg + and 26 Mg + -acetic acid clusters͒ were also present in the reflectron and could be photolyzed. Furthermore, several of the observed daughter ions have masses that differ by only 1 -3 amu, leading to confusion in the daughter mass assignments. For these reasons we found it more convenient to carry out the product branching studies by focusing the laser to cross the molecular beam before the reflectron, catching the parent clusters "on the fly" ͑where the parent clusters of different masses are spatially well resolved͒. This experimental arrangement has been discussed previously;
1 it allows much better mass resolution and selectivity in cases such as this where mass confusion is a potential problem.
In either arrangement, undissociated parents and daughter fragment ions are reflected and reaccelerated into the flight tube and mass analyzed in a typical tandem time-offlight arrangement. Ions are detected with a microchannel plate detector, and the signals are measured with a digital oscilloscope and gated integrator system, interfaced to a laboratory personal computer for data collection, storage, and analysis.
Laser power dependence tests were carried out to check linearity. However, the daughter signals are fairly weak in this experiment and we could only verify signal linearity over a range of ϳ3 -5 in laser power. Over this range the signals were linear, consistent with a single photon dissociation process.
In order to verify some of the daughter mass assignments and give insight into the reaction mechanism, we carried out additional studies of the photochemical branching with d-acetic acid ͑CH 3 COOD͒ obtained from Fisher Scientific. Results from these experiments are summarized below. Figure 2͑a͒ shows a range of the daughter ion mass spectrum for photodissociation of ͓MgC 2 H 4 O͔ + at a laser wavelength of 250 nm, with resolved daughter ion signals observed at masses of 24 ͑not shown͒, 39, 41, 42, and 43 amu. We assign these mass peaks to Mg + , MgCH 3 + , MgOH + , Mg͑H 2 O͒ + and CH 2 CO + , and CH 3 CO + photoproducts, respectively. The action spectrum for Mg + ͑Fig. 3͒ shows three distinct absorption bands, centered near 344, 335, and 250 nm, respectively. The two lower energy bands are redshifted and the higher energy band is blueshifted from the Mg + ͑3s ← 3p͒ atomic resonance at 280 nm. All of these absorptions appear as broad continuum bands, with no evidence for any underlying vibrational structure. The photoproducts at masses of 41 ͑MgOH + ͒, 42 ͑Mg͑H 2 O͒ + +CH 2 CO + ͒, and 43 amu ͑CH 3 CO + ͒ are also observed in all three bands and the action spectra for these are similar to Fig.  3 . The product at mass of 39 amu, MgCH 3 + , however, appears only at higher photolysis energies in the blueshifted 250 nm band. The approximate branching ratios at 335 and 250 nm are shown in Table I 
III. EXPERIMENTAL RESULTS

IV. ELECTRONIC STRUCTURE CALCULATIONS
A. Ground state structures
In order to guide the interpretation of the experimental results, we have carried out a series of ab initio electronic structure calculations, investigating the ground and low-lying doublet excited states of ͓MgC 2 H 4 O͔ + using the GAUSSIAN98 package. 29 Bare acetic acid, CH 3 COOH, can be found in either the trans or cis conformations. 30 Previous ab initio calculations on acetic acid show that the cis geometry is slightly higher in energy by ϳ5 -6 kcal/ mol, and give a barrier to trans-cis isomerization of ϳ12 kcal/ mol. 26, 31 The trans form has been well studied experimentally, but the cis form has only recently been observed. 30 The cis conformer is unstable and tunnels back to the trans form on a relatively short time scale, making it difficult to observe. We have carried out density functional theory ͑DFT͒ calculations of the ground state structures of the ͓MgC 2 H 4 O͔ + complexes. Calculations at the DFT UB3LYP/ 6-31+ + G * level identify four strongly bound isomers. Three of these are shown in Fig. 4 . The lowest energy structure ͑I-trans͒ is found in C s symmetry and can be described as a Mg + -acetic acid association complex where Mg is bound end-on to the carbonyl O atom, in a Mg + -Ov COHCH 3 geometry. The Mg-O intermolecular bond dissociation energy in this complex is D e ͑Mg-O͒ = 41.3 kcal/ mol ͑1.79 eV͒ and the Mg-O equilibrium bond length is R͑Mg-O͒ = 1.98 Å. The acetic acid ligand in the complex is relatively undistorted from its isolated equilibrium trans geometry. The Mg + -Ov C bonding in this complex is analogous to that found earlier by our group for Mg + -acetaldehyde. 5 The second most stable isomer ͑I-cis͒ is not shown in Fig. 4 . It corresponds to the analogous Mg-acetic acid association complex, but with acetic acid in the cis conformer. The energy difference between the cis and trans structures is very small, with I-cis lying only ϳ0.3 kcal/ mol higher in energy at the UB3LYP/ 6-31+ + G * level, which is well within the calculation uncertainty. Optimization calculations with a larger basis set show the energy difference to be somewhat larger, ϳ3.1 kcal/ mol at the UB3LYP/ 6-311+ +G͑3df ,3pd͒ level. It is possible that both isomers might form in our laser vaporization source, but since the trans form of isolated acetic acid dominates, we expect that I-trans will be most abundant in our source. We have located another stable isomer at somewhat higher energies, shown as structure II in Fig. 4 . This isomer also corresponds to a Mg + -acetic acid association complex in C s symmetry, but one where Mg + is bonded to the hydroxyl O atom. In this case the Mg + -O bond length is R͑Mg-O͒ = 2.09 Å. The energy for structure II is 19.3 kcal/ mol ͑0.84 eV͒ above the global minimum ͑I-trans͒, corresponding to an energy of 22.0 kcal/ mol ͑0.95 eV͒ below the Mg + + acetic acid entrance channel. This isomer may also form directly by association in the laser vaporization source and is likely to be present in our molecular beam, though probably at lower concentrations owing to its weaker binding.
A final stable isomer III can be viewed as an association complex between Mg + and the 1,1 ethenediol CH 2 C͑OH͒ 2 . In this case, Mg + is bonded in C 2v symmetry to the hydroxyl groups of the enol as shown in Fig. 4 . The Mg + -O bond lengths in structure III are R͑Mg-O͒ = 2.20 Å. The energy for structure III lies 1.37 eV above the global minimum ͑I͒, or 0.42 eV below the Mg + + acetic acid entrance channel. 1,1 ethenediol can form from acetic acid through a 1,3 H-atom migration, but this has an activation barrier of ϳ74 kcal/ mol ͑3.2 eV͒ on the ground state surface of isolated acetic acid. 20, 21 For this reason we think it unlikely that this isomer is formed in our source in any significant concentration; we include it for discussion here because it may play a significant role as an intermediate in the excited state chemistry of the complex.
A number of other weakly bound association complexes of the group ͓Mg, C 2 ,O 2 ,H 4 ͔ + are likely, for example, Mg͑H 2 O͒͑CH 2 CO͒ + or Mg͑CH 4 ͒͑CO 2 ͒ + and others ͑Fig. 1͒. However, these species are only very weakly bound and require reaction or fragmentation of the acetic acid in the laser vaporization source ͑for example, to form CH 2 O or CO 2 ͒. As noted above, reactions to form these products have substantial activation barriers, Ͼ65 kcal/ mol ͑2.8 eV͒. We see no evidence in the source mass spectrum for any appreciable fragmentation or reaction of acetic acid from the source. For example, we see no evidence for Mg͑CH 2 CO͒ + or Mg͑CO 2 ͒ + clusters in the source mass spectrum that would likely be present if fragmentation or reaction in the source were significant. While we cannot rule these isomers out, we think it unlikely that they form in any significant concentration in our laser vaporization source.
B. Excited states
To aid in assigning the absorption bands we have also carried out UCIS level ab initio calculations of the low-lying spin doublet excited states in this system. Our results indicate that the metal-based transitions correlating with Mg + ͑3p ← 3s͒ excitation will dominate the absorption spectrum ͑from any of the stable ground state isomers͒. Calculations show that the Mg + ͑3p͑1AЉ ,2AЈ͒͒ states are more attractive than the ground Mg + ͑3s͑1AЈ͒͒ state, and the corresponding excitation bands are redshifted from the asymptotic atomic resonance transition. Of these 1AЉ is predicted to lie slightly lower with a vertical excitation energy near 3.5 eV. In contrast the Mg + ͑3p͑3AЈ͒ ← 3s͑1AЈ͒͒ band should be blueshifted and lie near ϳ5.1 eV. The UCIS vertical excitation energies from isomers I-trans, II, and III are compared in Table II with the experimental band positions.
In addition to these metal-centered transitions, we may expect a weak ligand based absorption band corresponding to the * -n transition in the carbonyl group of acetic acid. This band is found in the range of 220-200 nm in isolated acetic acid, [22] [23] [24] though the CIS calculation places it at much higher energies ͑Ͻ170 nm͒ in the complex, which is beyond our laser range. We might also expect a metal-ligand charge transfer band in the near UV. Unfortunately, the CIS method is not very reliable for predicting the charge transfer band position. The difference in ionization energies is ⌬IE = ͓IE͑acetic acid͒ −IE͑Mg͔͒ = ͓10.58− 7.65 eV͔ = 2.93 eV. However, our experience in similar systems is that the observed charge transfer absorption bands typically lie to the blue of this asymptotic energy difference by ϳ1-2 eV. 3, 32 ͑This is because the ligand is typically more polarizable and the charge more localized in the M + -ligand complex, leading to a stronger binding than in the charge transfer complex M-ligand + .͒ 32 Based on this qualitative argument we might expect the charge transfer absorption band to lie in the range of ϳ4 -5 eV, corresponding to ϳ 300− 250 nm. We might then expect the charge transfer band to mix with the Mg + ͑3p͑3AЈ͒ ← 3s͑1AЈ͒͒ excitation band.
V. ASSIGNMENT
Based on the electronic structure calculations for the excited states we assign the observed absorption bands to predominantly Mg + -based 3p ← 3s transitions in a Mg + -acetic acid association complex. In particular, we assign the lowest energy band centered near 344 nm as 3p͑1AЉ͒ ← 3s͑1AЈ͒, the intermediate energy band centered near 335 nm as 3p͑2AЈ͒ ← 3s͑1AЈ͒, and the blueshifted band near 250 nm as 3p͑3AЈ͒ ← 3s͑1AЈ͒. These results are in good agreement with the UCIS predicted band positions and oscillator strengths given in Table II for both structures I and II. Because the overlapping bands are broad and structureless, and the predicted differences in vertical excitation energy and oscillator strengths between the isomers are small, we cannot distinguish between these isomers in the spectroscopy. The predicted band positions for isomer III are in less In each case the neutral products are inferred to give the lowest energy product channel consistent with the daughter ion. Other breakup channels are energetically allowed, either through direct dissociation or secondary fragmentation. Reactions ͑7͒-͑13͒ also give estimated threshold energies ͑in eV͒ for the different product channels relative to the entrance channel, Mg + +CH 3 COOH. The relevant heats of formation have been taken from the NIST database. 33 The bond energies for Mg͑H 2 O͒ + and MgCH 3 + are taken from Refs. 34 and 35, respectively. The spectroscopic threshold for each channel will be higher by the binding energy of the parent complex, which depends on the assumed parent isomer, ϳ1.79 eV for isomer I and ϳ0.95 eV for isomer II.
Note that the daughter ion in reaction ͑13͒, CH 2 CO + at mass of 42 amu, lies quite high in energy, with a spectroscopic threshold Ͼ4.3 eV ͑Ͻ288 nm͒. This product has the same mass as Mg͑H 2 O͒ + and MgOD + . Thus, in the lower energy redshifted bands we can definitively assign the products at mass of 42 amu as Mg͑H 2 O͒ + and MgOD + in the h-acetic acid and d-acetic acid cases, respectively. However, in the highest energy, blueshifted band the situation is more ambiguous and we cannot rule out some contribution from reaction ͑13͒ to the observed signals at mass of 42 amu.
VI. DISCUSSION
Energy optimization calculations reveal that the isomers I, II, and III all lie below the Mg + +CH 3 COOH entrance channel. Thus, any or all of these isomers could be present in the beam from our vaporization source. Quantifying the isomeric proportions is difficult. However, as noted above we think it unlikely that there is a significant concentration of isomer III in the beam owing to the high activation barrier to form 1,1 ethendiol from acetic acid. The predicted vertical excitation energies and state separations for isomer III are also in poor agreement with the experimental data.
However, both structures I and II could easily form by association in our source from Mg + and acetic acid. The two large product signals, Mg + and MgOH + , could then result from the photodissociation of parent isomers I and II, corresponding to channels ͑8͒ and ͑11͒. Of course, we cannot rule out that intracluster chemistry might play a role in forming these products, but it would be difficult to unravel. In addition, Mg + can certainly form by secondary breakup of MgOH + or Mg͑H 2 O͒ + . These products, Mg + and MgOH + , are clearly observed in all three bands, with a branching ratio ϳ1 : 1 that is roughly constant across the absorption spectrum ͑Table I͒. If these products result from distinct isomers, we might expect to find differences in the action spectra. However, the UCIS predicted absorption bands for isomers I and II lie very close in energy, making such discrimination difficult. We have also attempted to change the isomeric ratio by changing source conditions. We do not see any evidence for a change in the action spectra or in the product branching ratios as a function of source conditions. However, the parent signals are weak in this experiment and we do not have a large dynamic range to work with.
As noted earlier, MgOH + is also observed as a weak product in the photodissociation of Mg͑CH 3 COOD͒ + . This suggests a second reactive dissociation channel that involves a methyl H atom. Also as discussed above, MgOH + is only observed in the higher energy bands corresponding to the excited states of 2AЈ and 3AЈ character, and not in the lowest energy 1AЉ ← 1AЈ band. This could indicate either an orbital alignment preference or an activation barrier for reaction with the methyl C-H bond to form MgOH + . One reaction scheme could involve a 1,3 H-atom migration from the methyl group to the carbonyl O atom in structure I, leading to the Mg + -enol + is also observed as a major reaction product in all three absorption bands with ketene as the inferred neutral product, although in the higher energy band both channels ͑9͒ and ͑13͒ are open and could contribute to the signal. It is interesting to note that Mg͑H 2 O͒ + is the major product in the lower energy redshifted bands. In addition, some of the observed Mg + could well result from secondary breakup of nascent Mg͑H 2 O͒ + from the dissociation. Thus, the branching fraction into Mg͑H 2 O͒ + in Table I should be considered a lower limit. This result is surprising and shows that intracluster chemistry plays a significant role in the photodissociation of Mg͑CH 3 COOH͒ + . Dehydration is the major decomposition channel of isolated acetic acid at high energies in the ground state; our result could suggest that photodissociation of the complex proceeds through internal conversion to the ground state surface, followed by the direct single step dehydration reaction by H-atom transfer from the methyl group to the hydroxyl O atom in structure II,
or an indirect two-step process that proceeds through structure III,
͑16͒
If this is correct, it raises some interesting issues. For example, the activation barriers on the ground state surface of isolated acetic acid, for either the direct or indirect dehydration channels, have been experimentally estimated to lie in the range of 65-70 kcal/ mol ͑2.8-3.0 eV͒. We observe Mg͑H 2 O͒ + as the major reaction product in the 1AЉ ← 1AЈ band at photon energies of ϳ3.49 eV. This suggests that either the photon energy is efficiently coupled into the reaction coordinate or the presence of the Mg + in the complex lowers the activation barrier for dehydration on the ground state surface. It is also intriguing that we see no evidence for Mg͑CO 2 ͒ + product that might result from the competing decarboxylation channel on the ground state surface. We speculate that the complex can relax in the excited state toward a geometry that is similar to the transition state for dehydration, perhaps the enol form ͑III͒, and that the surface crossing for coupling back to the ground state surface occurs in the neighborhood of the transition state, favoring dehydration.
At higher energies, in the blueshifted absorption band, branching into the products at mass of 42 amu ͑Mg͑H 2 O͒ + +CH 2 CO + ͒ decreases. This may be due to increased secondary fragmentation of Mg͑H 2 O͒ + , the opening of competitive channels such as ͑12͒, or less efficient coupling to dehydration transition state from 3AЈ.
The reaction product MgCH 3 + is also interesting in that it requires C-C bond activation in the photochemical reaction ͑12͒ and offers a low energy pathway to the formyl radical COOH. As expected from the energetics, this channel should only be open at higher energies in the blueshifted absorption band. We observed similar evidence for C-C bond activation in the photodissociation of Mg + -acetaldehyde through the analogous Mg + ͑3p͒-like excited state, yielding MgCH 3 + + CHO. 5 In these examples, once the channel is energetically open, C-C bond activation by Mg + appears to be efficient. These results might suggest a general orbital alignment preference for the C-C bond activation. The initial Mg + p-orbital alignment is with respect to the Mg-O carbonyl bond in structure I. However, in an in-plane intermolecular bend this Mg + p-orbital alignment may become -like with respect to the C-C bond. In this symmetry a bond stretch insertion process facilitated by overlap with the localized * -antibonding orbitals centered on the C-C bond might be possible.
VII. SUMMARY
The photodissociation of acetic acid is an important process in both the Earth atmosphere and in astrophysical environments, generating radical fragments ͑such as OH, CH 3 CO, COOH͒ that can play an important role in atmospheric and cosmic chemistry. The photoproduct COOH is particularly interesting since it is an important intermediate on the path simple amino acids such as glycine. Recent studies of the vuv photodissociation of bare acetic acid have been carried out and have identified a variety of fragmentation pathways following excitation in the energy range Ͼ11 eV. However, our results show that acetic acid bound in molecular clusters can be efficiently fragmented at much lower photon energies, ϳ3 eV. In Mg͑CH 3 COOH͒ + clusters the Mg + serves as both an antenna ͑efficiently absorbing photons in its strong allowed resonance transitions͒ and a reaction partner. It may also act as a catalyst to lower activation barriers for internal conversion or reaction. In summary, we have studied the structure and photodissociation of Mg + -acetic acid clusters. + , but additional reaction channels involving C-H and C-C bond activation are also open and efficient at higher energies.
